The present work concerns Atlantic mackerel (Scomber scombrus) traded as a chilled product. The study was aimed to investigate the effect of including a mixture of organic acids (citric, ascorbic and lactic) in the icing medium employed during the fish chilled storage. To this end and according to preliminary trials results, an aqueous solution including 0.050 % (w/v) of each acid was employed as icing medium; its effect on the microbial activity development in mackerel muscle was monitored for up to 13 days of chilled storage and compared to a counterpart-fish batch kept under traditional water ice considered as control. Results indicated a lower bacterial growth in mackerel muscle subjected to storage in the organic acid-icing system by comparison with control fish. Thus, statistically-significant (p<0.05) differences between both batches for all six microbial groups investigated (aerobes, anaerobes, psychrotrophes, Enterobacteriaceae, lipolytics and proteolytics) and for two chemical indices related to microbial activity development (total volatile bases and trimethylamine) were obtained. The surface wash caused by the melting of the ice during storage and the subsequent antimicrobial effect of such acids on skin microflora of the fish can be invoked as the main reasons for the limited bacterial growth found in the corresponding mackerel muscle.
INTRODUCTION
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In all cases, bacterial counts were transformed into log CFU/ g muscle before undergoing statistical analysis. All analyses were done by triplicate. reported (Aubourg and others 1997) . Briefly, fish muscle (10 g) was extracted with 6% perchloric acid (30 ml) and brought up to 50 ml. An aliquot of the acid extracts was rendered alkaline to pH 13 with 20% NaOH and then steam-distillated. Finally, the TVB-N content was determined by titration of the distillate with 10 mM HCl. Results were expressed as mg TVB-N/ 100 g muscle.
Chemical analysis of microbial activity
Trimethylamine-nitrogen (TMA-N) values were determined by the picrate method, as previously described by Tozawa and others (1971) . This involves the preparation of a 5% trichloroacetic acid extract of fish muscle (10 g / 25 ml). Results were expressed as mg TMA-N/ 100 g muscle. The development of aerobic bacteria was significantly (p<0.05) slowed down in the batch submitted to the organic acid-icing system, as compared to the control batch (Table 1) . Thus, the differences in the microbial numbers reached its maximum, more than two log units, at day 6 of storage, while the average difference for aerobic mesophiles throughout storage was 1.18 log units. Remarkably, the control batch stored in traditional ice for 13 days reached levels above 10 7 CFU/ g. Bennour and others (1991) and Gram and Huss (1996) reported aerobe count to be the breakpoint for relevant microbial spoilage (Gram and Huss 1996) . On contrast, the aerobe counts in the batch preserved with organic acids were round 10 6 CFU/ g at that time (Table 1) .
Statistical analysis
Aerobe counts as high as 10 7 CFU/ g have been reported in the skin of horse mackerel stored for 7 days at 4ºC (Kuda and others 1996) . This result is quite in agreement with our results and that underscores the microbial inhibition exerted by the organic acidicing system. In the present research, both fish batches showed fair correlation values between aerobe counts and chilling time (r = 0.93 and 0.84 for C-and P-fish, respectively; Table 2 ).
With respect to the development of anaerobic bacteria, significant (p<0.05) advantages derived from the use of the organic acid-icing system were also observed (Table 1) . Thus, the average differences between batches C and P in the anaerobic counts throughout storage were higher than 2 log units, which means that the slowing down of anaerobic bacterial growth was over 99%. Furthermore, final counts after 13 days of storage differed in more than 3.60 log units, which clearly indicates a remarkably better control of anaerobes growth as a result of the storage in the organic With respect to the lipolytic bacteria, and as in the cases of other microbial groups studied before, significant (p<0.05) differences were determined between batches (Table 3) . Thus, the average difference during storage was 1.41 log units, and reached its maximum at advanced stages of storage. Remarkably, differences of 1.25 and 2.73 log units were determined at 10 and 13 days of storage, respectively.
According to these results, the growth of bacteria potentially involved in the lipolytic breakdown of mackerel was slowed down as a consequence of storage in the organic acid-icing system. Similar inhibition of lipolytic microorganisms was observed with other preservation methods such as ice slurries for other medium-fat and fat fish species Table 2 ).
With respect to the proteolytic bacteria, a similar type of behavior was observed than in the case of lipolytic ones (Table 3) . Thus, the counts of proteolytic bacteria in mackerel muscle stored in the organic acid-icing system did not reach levels of 10 4 CFU/ g at any storage time, while the control batch exhibited values higher than 10 5 CFU/ g after 10 days of storage. The average difference in the counts between batches throughout storage was 1.19 log units, and the growth inhibition was more intense as storage progressed, a result that is in agreement with those observed for the majority of the microbial groups studied before. As with lipolytic counts, proteolytic ones only (Table 4) ; this value is found quite similar to the one obtained by Civera and others (1993) (31.9 mg/ 100 g muscle) but markedly higher than the values reported by Bennour and others (1991) and Fagan and others (2003) . In this study (Table 4) 
